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It was horrible and unbelievable just like a nightmarethat the earthquake struck Bam, an ancientcity in southeastern Iran at 5:26 am (local time) when
most of people were asleep. The magnitude of it was 6.
6 on the Richter scale.1 The main structures of Bam
houses were clay and mud-bricks and because of
unpreparation of the region against the earthquakes and
loose structure of buildings, the extent of fatalities was
over the expectations: nearly 40 000 people were killed,
30 000 injured and 12 000 hospitalized while 85% of
homes and nearly 100% of schools and health facili-
ties were destroyed.2
A total of 12 000 injured persons were referred to
the hospitals in the other cities mainly in Tehran and
Kerman. We have studied the earthquake victims who
were hospitalized in seven hospitals of the Tehran Uni-
versity of Medical Sciences (TUMS) as tertiary referral
t rauma management centers. Demographic
characteristics, patterns of injuries, severity of injuries
and outcomes of these patients were evaluated.
METHODS
 It was an observational, descriptive study. All of
the victims of the earthquake of Bam who were referred
directly from the site of earthquake to the hospitals of
TUMS were entered to this study and their medical
records were evaluated. Although it was far distance
between Bam and Tehran, those patients were referred
to TUMS hospitals due to well-appointed condition. The
victims were airlifted to Tehran and immediately trans-
ported to the emergency rooms of the hospitals. The
first group of patients arrived at the same day (26/12/
2003) at 10:30 pm. Overall, 486hospitalized earthquake
victims were enrolled in these hospitals. Among them,
274 patients had injuries on their extremities with or
without associated injuries in the other organs. This
study was approved by the Ethical Committee of Sina
Trauma and Surgery Research Center. The data were
analyzed by SPSS software. The severity of injuries
was determined by Injury Severity Score (ISS) and
grouped by ISS rank: ISS less than 7 considered as
Group 1, 7ISS<12 as Group 2 and ISS12 as Group 3.
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Objective: The extremity injury pattern after a major
earthquake is not well understood because data on this
type of injury and management are limited. The aim of this
study was to analyze the data of trauma patients with ex-
tremity injury in the earthquake of Bam Iran, registering 6.6
on the Richter scale.
Methods: We reviewed medical records of 486 patients
admitted to hospitals of Tehran University of Medical
Sciences. Among them, 274 patients sustained extremity
injuries. This group was composed of 138 females (50.4%)
and 136 males (49.6%) and 213 cases (77.7%) were under 40
years of age.
Results: Fracture was the major type of injury (58.4%
of extremity injuries). The most common sites of injury were
lower extremities (185 patients, 67.5% of all victims). Pelvic
& rib fractures and abdominal injuries were the most fre-
quently associated injuries. The mean ISS was 6.2 ± 4.0, and
61% of the patients had ISS 7. Amputation and death
occurred in 2.9% and 2.5% of cases, respectively.
Conclusions: Special attention should be given to deal-
ing with orthopedic injuries in similar disasters in the future.
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RESULTS
Totally 274 victims with extremity injuries were
evaluated. 77.6% of them were hospitalized during the
first three days after the Bam earthquake. The victims'
age ranged from one month to 88 years, with a mean of
(29.3±16.3) years and 44.6% of patients were between
20 and 40 years. The percent of males and females
was approximately equal (50.4% females and 49.6%
males).
Overall, 713 injuries were found in these patients.
Among them 426 injuries were extremity injuries and
the details of the types and anatomic places of them
are shown in Table 1. The major sites of injury were
lower extremities (185 patients, 67.5% of all victims)
and followed by upper extremities (118 cases, 43%) in
which 29 patients were sustained both of upper and
lower extremity injury.
ity injuries is shown in Fig 1.
Fracture (58.4%) was the most common type of
extremity injury. Fracture of the femur (61 victims) and
fractures of the humerus (25) and radius (21) were the
most frequent types of fractures in the upper and lower
extremities, respectively. Superficial injuries, open
wounds and fractures were more common in lower ex-
tremities in comparison with upper extremities in which
dislocations, vessel and nerve injuries, and amputations
were more frequent.
Soft tissue injuries (including superficial injuries,
open wounds, muscle, vessel and nerve injuries, crush
injuries, sprain & strain) 3, 4 were found in 149 victims
(54.3% of patients). A detail of classification of extrem-
Table 2. The number of patients with associated injuries
Associated injuries Number of patients
Head and neck injuries
Thoracic injuries
Abdominal and pelvic injuries
58
22
67
16
62
    7
    4
236
Early complications of trauma
(mainly compartment syndrome )
Superficial injury of unspecified body region
Burn
Acute tubular necrosis
Total
There were 14 cases of peripheral nerve injuries.
Among them, 13 were located in upper extremities (11
radial, 1 ulnar and 1 unspecified nerve injuries) and 1 in
lower extremities (peroneal nerve injury).
Pelvic and abdominal injuries were found in 67 vic-
tims (24.4%) and were the major and most frequently
associated injuries, followed by head and neck (58
cases, 21.2%) and thoracic injuries (22, 8%, Table 2).
Crush syndrome had low rate in our patients (4 cases).
The mean ISS in our patients was 6.2±4, and 61% of
the patients had ISS7 (ISS rank = 1). Finally 7 pa-
tients (2.5%) died.
4 (0.9)
14 (3.3)
5 (1.2)
5 (1.2)
426 (100)
Table 1. Types of injuries of lower and upper extremities
Types of injuries Upper extremities Lower extremities Total
n (%) n (%)  n (%)
Superficial injury
Open wound
Fracture
Dislocation
Sprain or strain
Vessel injury
Nerve injury
Amputation
Others
Total
26 (6.1)
13 (3.1)
93 (21.8)
12 (2.9)
3 (0.7)
13 (3.1)
3 (0.7)
3 (0.7)
166 (39.1)
50 (11.7)
41 (9.6)
156 (36.6)
7 (1.6)
1 (0.2)
1 (0.2)
2 (0.5)
2 (0.5)
260 (60.9)
76 (17.8)
54 (12.7)
249 (58.4)
19 (4.5)
Fracture Dislocation Amputation Soft tissue injuries
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Fig. 1. Types of injuries in lower and upper extremities.
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DISCUSSION
The Bam earthquake taught us many lessons. There
were some differences in Bam disaster with other
earthquakes. It is revealed that earthquakes in the range
of 6.4-7.5 magnitude on the Richter scale will result in
injuries and deaths in a ratio of three injuries for every
death.5 Nevertheless, the Bam disaster has shown that
the dead were more than the injured.
The mean age of our patients was 29.3 years and
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44.6% of them were between 20 and 40 years. This is
much different from the results of other studies on the
victims of other earthquakes. For example, in Peek-
Asa et al’sstudy about victims of Northridge earthquake
(California, 1994), comparedwith thoseaged0-19years,
those aged 60-79 years were 10.9 times more likely to
sustain an earthquake-related injury and there was a
dramatic increase inearthquake-related injury rates with
increasing age.6 Also in Kuwagata et al’s analysis of
some of the Hanshin-Awaji earthquake (Japan, 1995),
victims tended to fall between the ages of 40 and 70
years.7
Probably, the lower age of our patients is related to
several factors, such as the predominance of young
population in Iran especially in small cities like Bam,
and high intensity of the disaster that made the elderly
unable to escape from the scene immediately and so
they died before any possible relief. It is also notable
that the vast majorities of the patients have relatively a
good general condition and are not representative of all
Bam earthquake victims.
The percents of females and males had no signifi-
cant differences (59.4% females versus 49.6% males).
Most of authors believe that women are at elevated risk
for injury and death in earthquakes. 6, 8, 9
Among the 480 victims in this survey, 274 individu-
als (57%) had extremity injuries; 118 persons had up-
per extremityand 185had lower extremity injuries.While
in Yashimura et al’s study on 487 trauma patients of
Hyogo (Hanshin) earthquake only 30% of them suffered
from extremity injuries.10 Inother report of Hanshin-Awaji
earthquake by Ukai, 20 persons of 76 victims (26.3%)
sustained extremity injuries.11 Moreover, in Peek-Asa
et al’s report of analysis of 138 hospitalized victims of
Northridge earthquake who survived, the number of pa-
tients with lower and upper extremity injuries was 74
(53.6%) and 26 (18.8%), respectively.6 It is obvious that
in all of the studies mentioned above, the percent of
victims with extremity injuries was lower than that in
this study.
The most common type of injury in this series was
fracture, in which 249 fractures were counted in 180
patients (65.7% of the patients). Similar trends were
reported in Hanshin and Northridge earthquakes by
Tanaka et al and Peek-Asa et al, respectively.6, 12
In this study, lower extremity was the most com-
mon site of injury. In another survey on some of victims
of California earthquakes in the past decade by Shoaf
et al in the Loma Prieta earthquake, injuries to the trunk
were most common (54.8%) whereas in Northridge, the
extremities were the most commonly reported injury
site (68.4%).5
But why does this difference exist? We know that
all of Northridge, Bam and Hanshin-Awaji earthquakes
happened at night (4:30, 5:26 and 5:46 am on local
time respectively) while the Loma Prieta earthquake
(1989) occurred at day (5:04 pm).
It is more likely for the lower extremities to be in-
jured in nighttime earthquakes, even in places with mi-
nor damage. This is because sharp things such as bro-
ken glasses and picture frames lay scattered on the
floor where family members are trying to find each other
in the dark with no shoes. 13
As noted previously, the rate of crush syndrome
was low in this study (only four cases). Perhaps it is
attributed to mud-bricks structure of Bam houses.
Tanaka reported in his article that crush syndrome is
related to building construction design and materials.
So it is seen more frequently in the collapse of concrete,
multistory buildings.12
In spite of heavy materials absence in Bam’s dwell-
ing and rarity of multi-story buildings in Bam, the num-
ber of injuries and deaths were very high in this disaster.
This shows that collapse of buildings can result in cata-
strophic consequences and high fatalities, even if they
were made of light materials or were one-story.
We had 11 cases of radial nerve injuries, of which
54.5% were associated with humeral shaft fractures. In
addition, 44% of our humeral fractures were associ-
ated with radial nerve injuries. It is noteworthy that as
most authors have reported, radial nerve palsy accom-
panies fractures of humeral shaft in 6%-15% of cases.
14 The higher rate of radial nerve injury that observed in
our patients may reflect a lack of proper handling of the
fracture while carrying the patients or dragging the vic-
tims out of rubble.
The mean ISS in this series was 6.2, close to the
result of Peek-Asa’s report (the mean ISS of 6.6 for
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survivedhospitalized victimsof Northridgeearthquake).
6 It seems to be low for a catastrophic disaster like
Bam earthquake. Also the mortality rate of our patients
was low (2.5%, 7/274). Probably, these results can be
attributed to inappropriate triage by treatment team on
the scene of disaster. Because some victims with trivial
or mild injuries were airlifted to Tehran and admitted
into surveyed hospitals. However, these defaults seem
to be unpreventable in chaotic condition of the Bam
earthquake scene where all of the health facilities are
destroyed.
In short, collapse of buildings regardless of any
structural materials can result in catastrophic conse-
quences and high mortalities and morbidities. Extrem-
ity injuries especially fractures of long bones account
for majority of hospitalized victims of Bam earthquake.
Special attention should be given to dealing with ortho-
pedic injuries in similar disasters in the future.
REFERENCES
1. US Geological Survey, National Earthquake Information
Center. Preliminary earthquake report. [cited 2006-01-04]. Avail-
able from http://earthquake.usgs.gov/recenteqsww/quakes/uscvad.
htm.
2. Ardalan A. Disaster epidemiology lessons from Bam earth-
quake Dec 26, 2003 Iran, Part III. [cited 2004-04-19]. Available
from http://www.pitt.edu/~super1/lecture/lec15241/index.htm.
3. Wikipedia contributors. Soft tissue. [cited 2006-01-04].
Available from http://en.wikipedia.org/wiki/soft_tissue.
4. Wikipedia contributors. What is a soft tissue injuries?
[cited 2005-11-10]. Available from http://www.alexhosp.com.sg/
patients_library/soft.asp.
5. Shoaf KI, Sareen HR, Nguyen LH, et al. Injuries as a
result of California Earthquakes in the past decade. Disasters
1998;22(3): 218-235.
6. Peek-Asa C, Kraus JF, Bourque LB, et al. Fatal and hospi-
talized injuries resulting from the 1994 Northridge earthquake. Int
J Epidemiol 1998;27(3): 459-465.
7. Kuwagata Y, Oda J, Tanaka H, et al. Analysis of 2,702
traumatized patients in the 1995 Hanshin-Awaji earthquake. J
Trauma 1997;43(3): 427-432.
8. Kano M, Ramirez M, Shoaf K. Individual, household, and
structural characteristics associated with pediatric injuries in the
1999 Kocaeli, Turkey earthquake. [cited 2006-01-04]. Available
from http://apha.confex.com/apha/132am/techprogram/
paper_82791.htm.
9. Otani S. Lessons learned from the 1995 Kobe earthquake
disaster: necessity for performance based design in reinforced con-
crete construction. [cited 2005-10-31]. Available from http://orbita.
starmedia.com/~martzsolis/ lessons learned from the 1995 kobe
earthquake disaster.htm.
10. Yoshimura N, Nakayama S, Nakagiri K, et al. Profile of
chest injuries arising from the 1995 Southern Hyogo Prefecture
Earthquake. Chest 1996; 110(3): 759-761.
11. Ukai T. The great Hanshin-Awaji earthquake and the prob-
lems with emergency medical care. Ren Fail 1997;19(5): 633-645.
12. Tanaka H, Oda J, Iwai A, et al. Morbidity and mortality of
hospitalized patients after the 1995 Hanshin-Awaji earthquake.
Am J Emerg Med 1999;17(2):186-191.
13. Copp D. Worse than urban legend: dangerous advice and
now for some good advice for earthquake safety. [cited 2006-01-
04]. Available from www.cert-la.com/rejoinder to dougcopp.
14. Gregory PR. Fractures of the shaft of the humerus. In:
Bucholz RW, Heckman JD, eds. Rockwood and Green’s fractures
in adults. 5th ed. New York: Lippincot, 2001:991-992.
 (Received July 7, 2008)
Edited by SONG Shuang-ming
